Here we describe the cloning and expression pattern of Ci-isl, a homologue of vertebrate islet genes, in the ascidian Ciona intestinalis. Early in development, Ci-isl expression occurs in the primordia of palps and brain vesicle, then in the tailbud embryo it is transiently extended to the notochord cells. At larva stage, the expression is down-regulated in the notochord, and it persists predominantly in the compartments of the nervous system. These observations indicate that also in invertebrates, islet genes show an expression pattern during differentiation of the nervous system.
Results
A distinguishing feature of islet genes in vertebrates and in Drosophila is their expression early in the differentiating nervous system.
We have cloned Ci-isl, an ascidian homologue of vertebrate islet genes. The isolated full-length cDNA clone predicts a protein of 381 amino acids. Southern blot of Ciona intestinalis genomic DNA, hybridized with a full-length Ci-isl probe and washed at high strin-gency (Fig. 1A) , showed one to three bands depending on the enzyme used, thus suggesting that Ci-isl is a single copy gene. When the same Southern blot was hybridized at low stringency (Fig. 1B) , additional bands were observed. Furthermore, the fact that the same pattern resulted also from hybridization with a probe containing only the isletspecific region (ISD) (data not shown) suggests the presence of another gene of the islet family in C. intestinalis genome.
When the Ci-isl sequence was used to search the similarity in the protein databases, the best match was to human and rat islet-1 (Fig. 1C) . A high degree of homology was also observed with zebrafish islet-1 (zf-isl1) and, at less extent, with vertebrate isl-2, thus suggesting that Ciisl may be considered a bona fide isl-1 gene. Furthermore, on the basis of the overall amino acid comparison, Ci-isl appears more strictly related to vertebrate islet genes than to the fly member (Dr-isl). The identification of other islet-related gene(s) in the C. intestinalis genome will shed light on the phylogenesis of this gene family.
Whole-mount in situ hybridization was performed on embryos from the earlier stages of development until larva stage (Fig. 2) . Ci-isl expression was first detected at neuralplate stage in a pair of cells located in the posterior part of the embryo ( Fig. 2A ). These cells, situated within the neural folds at the lateral edges of the neural plate, belong to the differentiating central nervous system (CNS). This is also demonstrated by in situ hybridization with a riboprobe for a neural-specific isoform of ascidian tubulin, HrTBB2 (Fig. 2G) (Miya and Satoh, 1997) . Soon after neural-plate stage, at neurula stage, Ci-isl expression appears in the primordia of the palps located at the anteriormost part of the head (Fig. 2B) . In tailbud embryos, Ci-isl mRNA was found in CNS structures, i.e. palps, brain vesicle, visceral ganglion and two pairs of cells located alongside the neural tube (Fig. 2D,H) . At this stage, Ci-isl is also expressed in the nuclei of the notochord cells, a feature peculiar to C. intestinalis development (Thor et al., 1991; Korzh et al., 1993; Inoue et al., 1994; Gong et al., 1995; Thor and Thomas, 1997) . This signal persists up to the elongation of the tail; it then becomes cytoplasmic, and disappears in mid-tailbud embryos (Fig.  2E) .
In the larva (Figs. 2F and 3) , Ci-isl positive cells are present in all three sensory organs (Satoh, 1994; Takamura, 1998) , namely the otolith, the ocellus (Fig.  3B ) and the palps (Fig. 3A) , in the visceral ganglion (Fig. 3D) , and in two areas on both sides of the neural tube, attributable to lateral ependymal cells (Gionti et al., 1998) (Fig. 3E) . In the trunk, Ci-isl mRNA is localized in some mesenchyme cells (Figs. 2F and 3C ) and in the endodermal cells that make contact with the overlying ectoderm to give rise to the atrial cavities (Fig.  3C) .
Our results show that also in the protochordate C. intestinalis an islet gene is expressed in the nervous system. The functional meaning of Ci-isl and its peculiar expression in the notochord will be investigated.
Materials and methods

Cloning of the C. intestinalis islet gene
Two degenerate oligonucleotide primers were used to amplify a 582 bp region from larva cDNA. A polymerase chain reaction fragment, corresponding to two LIM domains and part of the homeobox, was used to screen a cDNA library, from the same stage (Gionti et al., 1998) , and three different clones were sequenced.
Whole-mount in situ hybridization
The embryos were hybridized with digoxigenin-labeled sense or antisense full-length riboprobes. As a control, riboprobes made from the 3′UTR and 5′UTR were also used in the experiments. In situ hybridization for Ci-isl was carried out at 55°C as previously described (Gionti et al., 1998) , while hybridization for Hr TBB2 was performed at 50°C. For sectioning, hybridized larvae were embedded in Epon resin, and 1-1.5 mm serial sections were cut and observed under a Zeiss Axiophot microscope. Fig. 1 . Southern blot hybridization of C. intestinalis genomic DNA with Ci-isl full-length probe washed at high (A) or low (B) stringency. (C) Schematic alignment of Ci-isl with vertebrate and invertebrate islet genes, showing the percentage of identical amino acidic residues within the LIM-, the homeo-, and the ISD-domains. The GenBank accession numbers for the nucleotide sequences are: Ci-isl, AJ006220; human, U07559; rat, X53258; zf-isl1, D21135; rat-isl2, L35571; dr-isl, U89385. 
